The purpose of this study was to examine the MAC30 expression in non-small cell lung cancer and to evaluate its prognostic value on therapeutic response in patients with non-small cell lung cancer receiving postoperative chemotherapy. Among a total of 218 retrospective Chinese patients with non-small cell lung cancer, 164 patients receiving adjuvant chemotherapy were enrolled in this study. Real-time polymerase chain reaction was performed to confirm the expression of MAC30 messenger RNA in 32 cases of non-small cell lung cancer tumors with the corresponding nontumor lung tissues. The MAC30 protein expression in all specimens was analyzed by immunohistochemical staining. Moreover, we assessed the correlation of MAC30 expression with clinicopathological features, therapeutic response, and survival of patients. Here, we observed the increased expression of MAC30 messenger RNA in patients with nonsmall cell lung cancer compared to those in control samples. The overexpression of MAC30 was strongly associated with poor tumor differentiation, high tumor-node-metastasis stage, and lymph node metastasis. In addition, we observed that patients with increased MAC30 expression showed gloomy overall survival and disease-free survival. A multivariate analysis explicated that higher MAC30 expression was a valuable independent prognostic factor of poorer tumor differentiation, shorter overall survival, and disease-free survival in patients receiving chemotherapy. MAC30 could be a useful biomarker of tumor differentiation and outcome of patients with non-small cell lung cancer. Overexpression of MAC30 predicts a worse tumor differentiated stage and prognosis in patients with non-small cell lung cancer receiving adjuvant chemotherapy.
Introduction
Although definitive improvements in diagnosis and therapy were achieved, lung cancer remains the most common cause of neoplasia-related death, leading to a 5-year overall survival (OS) of less than 10%. 1 More than 80% of the total lung malignancies is non-small cell lung cancer (NSCLC), 2 which always exhibits advanced local invasion and distant metastasis at diagnosis. 3 In addition, classical therapeutic manners in clinical application, surgical resection, chemotherapy, and radiotherapy have been generally established with little improvement in long-term survival. 4 Notwithstanding, adjuvant chemotherapy was accepted as the main choice for patients with advanced NSCLC. 5, 6 Recent research suggested that NSCLC with the similar clinicopathological characteristics always showed capricious sensitivity to chemotherapy. 7 Furthermore, it was widely accepted that individual therapy with particular chemotherapeutic drugs for more sensitive patients seemed to receive expected treatment efficacy and minor side effects. 2 So, valuable biomarkers for chemotherapeutic response prediction and prognosis are imperatively needed for further identification of treatable regimens in patients with NSCLC. Unfortunately, until now very few studies have confirmed the effective predictors for adjuvant chemotherapeutic response, which should be highly anticipated. 8 Meningioma-associated protein (MAC30), transmembrane protein 97 (TMEM97) locating on 17q11.2, encodes a conserved integral membrane protein of 176 amino acids with 4 transmembrane domains. 9 As a member of the insulin-like growth factor-binding protein family, MAC30 regulates insulin-like growth factor activity. 9 Besides regulating cholesterol and lipid metabolism, 10 MAC30 also plays an important role in live growth and differentiation. 11 Indeed, MAC30 was originally confirmed as an elevated gene in human meningioma. 9 Recent studies suggested that high levels of MAC30 were presented in breast, esophagus, stomach, and colon cancers in contrast to low levels in pancreatic and renal cancers. [12] [13] [14] The distinct expression of MAC30 determines its potential roles in human malignancies. We believed that MAC30 plays as a suppressor or a promoter in different tumors with unknown clear functions. Although overexpression of MAC30 associated with short survival in NSCLC was shown, 15 there's no report to clarify the association of MAC30 with clinicopathological features and response of adjuvant chemotherapy in patients with NSCLC.
Thus, via the relationship of MAC30 expression with clinicopathological features, therapeutic response, and survival of patients with NSCLC, we investigate to evaluate whether MAC30 could be a predictive biomarker for the response of adjuvant chemotherapy and prognosis of patients with NSCLC.
Material and Methods

Patients and Tissue Samples
We conducted this retrospective study in a total of 218 Chinese patients diagnosed with NSCLC who underwent resection at Yixing People's Hospital, Affiliated Jiangsu University between June 2004 and July 2014. This study was retrospectively performed and was approved by the institutional review board of the Faculty of Medicine, Jiangsu University. The informed consent obtained from all participants was confirmed. And all participants consent to participate in the study with their information letters. The lung specimens analyzed in this study were obtained from patients with NSCLC, who were diagnosed with stages IA to IIIB, according to the World Health Organization and International Union against Cancer Tumor-Node-Metastasis (TNM) staging system. 16 None of the patients received adjuvant chemotherapy or radiotherapy before surgery. The age of patients ranged from 26 to 84 years, with a median age of 57 years. Two pathologists classified the tumor specimens independently and unanimous agreement was obtained. The histologic classification included squamous cell carcinomas, adenocarcinoma, and adenosquamous. Among all the patients, 164 patients receiving postoperative chemotherapy were selected for a retrospective analysis.
Quantitative Real-Time Polymerase Chain Reaction
TRIzol reagent (Life Technologies, Maryland) was used to collect total RNA from frozen tissues, according to the manufacturer's instructions. Reverse transcription was performed on 1 mg of total RNA from each sample. The real-time polymerase chain reaction (RT-PCR) primer sequences were designed according to the human MAC30 and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene sequences reported in the GenBank: MAC30, sense: 5 0 -GGCAGCAGAGGAGTAGCTTGA-3 0 ; antisense: 5 0 -GCTTGCTGGCGCTAAAAGG-3 0 . The reactions were carried out at 95 C for 30 seconds, then 35 cycles of 95 C for 20 seconds, 55 C for 15 seconds, and 72 C for 20 seconds, and a final extension at 72 C for 10 minutes. Real-time PCR was used to detect the specificity of the PCR via the dissociation reaction plot subsequent to examination. Data were normalized to GAPDH.
The sections were treated with 3% H 2 O 2 and then incubated with a polyclonal antibody against MAC30 (1:500, SC-1971; Santa Cruz, California) overnight at 4 C. After being washed by PBST 3 times with each 15 minutes, the sections were incubated with the corresponding second antibody at room temperature for 1 hour. The results were visualized with diaminobenzidine. In each immunohistochemistry run, the negative controls were stained without a primary antibody.
Two independent pathologists with particular experience in immunohistochemistry evaluated MAC30 staining in all sections. The expression of MAC30 was quantified using a visual grading system based on the percentage of stained cells out of the total number of tumor cells and divided from 0 to 3: 0 ¼ negative, 1þ, 1% to 30%; 2þ, 31% to 60%; 3þ, >60%. The intensity of staining was graded on a scale: 0, negative; 1, weakly positive; 2, moderately positive; 3, strongly positive. The sums of extend score and intensity score were used to define the MAC30 expression levels, which were graded into 2 groups: low-level MAC30 expression (with a score of 3) and high-level MAC30 expression (with a score of >3).
Statistical Analysis
The w 2 test was used to check the relationships between MAC30 expression and clinicopathological characteristics. And the relationships between MAC30 expression with OS and disease-free survival (DFS) were analyzed via Kaplan-Meier method. The relationship between MAC30 expression and tumor differentiation stages was assessed by the univariate and multivariate logistic regression. A cox regression model was conducted to identify the independent prognostic factors that influenced the OS or DFS. All statistical analyses were operated using SPSS version 13.0. A P value of <.05 was considered to be statistically significant.
Results
Overexpression of MAC30 Messenger RNA in NSCLC Tissues
Quantitative real-time PCR was prepared to clarify the expression of MAC30 messenger RNA (mRNA) in 32 cases of patients with NSCLC and the corresponding adjacent nontumor tissues. As a result, increased expression of MAC30 mRNA in 24 of the 32 sections was significantly revealed in Figure 1 . Moreover, statistical analysis confirmed the expression level of MAC30 mRNA in NSCLC was over 3.5-fold than that in the corresponding control samples (P < .05). So, MAC30 may exhibit important biological function in NSCLC.
Relationship Between MAC30 Expression and Clinicopathological Parameters in NSCLC
The expression of MAC30 was analyzed by immunohistochemistry in a total of 218 primary NSCLC specimens ( Figure 2 ). As classical criteria described above, 121 tumor specimens exhibited high-level MAC30 (55.5%) expression, whereas 97 sections were classified as low-level MAC30 expression (44.5%; Table 1 ).
The correlation between MAC30 expression and clinicopathological features of patients with NSCLC is presented in Table 1 . MAC30 expression was significantly associated with tumor differentiation, TNM stages, and lymph node metastasis. Further, patients with MAC30 overexpression showed poor tumor differentiation, lymph node metastasis, and higher TNM stage (P < .05). In contrast, no statistical difference was confirmed between MAC30 expression and patient age, smoking status, gender, histological type, and tumor classification.
MAC30 Expression on Prognosis of Tumor Differentiation
Published data already documented the close relationship between tumor differentiation and survival in patients with lung cancer. 17 Patients with shorter survival were always with worse differentiated pathogenesis. So, it's essential to investigate the biological indication of MAC30 on tumor differentiation, which affects clinical therapies and survival of patients with NSCLC. Among the 218 selected patients, 116 patients presented with poor tumor differentiation, whereas 69 cases with moderate differentiation and 33 patients with well differentiation. Among the patients with poorly differentiated pathogenesis, there were 89 cases with high-level MAC30 expression (76.7%). The univariate analysis showed that elevated MAC30 expression was associated with poor tumor differentiation (P < .05). Furthermore, a multivariate analysis clarified that apart from other clinicopathological parameters, overexpression of MAC30 was an independent predictor of poor tumor differentiation in patients with NSCLC (Table 2 ).
MAC30 Expression Predicts OS and DFS of Patients With NSCLC
In our present study, we provided the significant evidence of the association between MAC30 and survival of patients with Figure 3) . Furthermore, the univariate and multivariate analyses indicated that besides tumor differentiation, TNM stages, and lymph node metastasis, MAC30 expression was an independent prognostic biomarker for OS and FDS in patients with NSCLC (Table 3) . So, the data confirmed the correlation between elevated MAC30 expression and poor survival in patients with NSCLC.
Expression of MAC30 With Postoperative Chemotherapy
A total of 164 patients receiving postoperative chemotherapy were selected in this study. As shown in Table 3 , overexpression of MAC30 expression was presented in 93 (56.7%) patients, whereas 71 (43.3%) patients exhibited low MAC30 expression. Moreover, we also observed the significant difference in tumor differentiation, TNM stages, and lymph node metastasis between the 2 MAC30 groups (Table 4 ; P < .05). The univariate and multivariate analyses indicated that overexpression of MAC30 was an independent predictor of tumor differentiation in patients with NSCLC receiving postoperative chemotherapy (Table 5 ). In our present study, we also explored the association between MAC30 expression and prognosis of patients with adjuvant chemotherapy. As a result, a Kaplan-Meier test showed that patients with NSCLC having high level of MAC30 suffered from shorter OS and DFS (Figure 3A and B) , whereas patients receiving chemotherapy with elevated MAC30 expression also showed lower OS and DFS ( Figure 3C and D) . So, it's significant that patients with highlevel MAC30 expression showed less reaction to chemotherapy compared to those with low-level MAC30 expression. Moreover, besides tumor differentiation, TNM stages, and lymph node metastasis, MAC30 expression was a valuable independent prognostic factor for both OS and DFS analyzed in patients receiving postoperative chemotherapy via univariate and multivariate tests (Table 6 ).
Discussion
Although investigations of molecule mechanisms in NSCLC were revealed, little improvement in survival was achieved. 4 The study on lung cancer created an urgent demand for the valuable predictor of overall therapeutic effectiveness and survival in patients with NSCLC. Recently, several studies reported the opposite expressions of MAC30 in various human meningiomas. [12] [13] [14] Consistent with the previous report showing the elevated MAC30 in patients with NSCLC, 15 we confirmed the overexpression of MAC30 in patients with NSCLC from our present study. Obviously, MAC30 plays potential roles in the development and progression of NSCLC.
Actually, the role of MAC30-mediated tumor progression and invasion was explored with minor interruptions, since MAC30 was identified as a meningioma-associated protein. It has been reported that MAC30 expression increased in tumor and lymph node metastasis, while strong expression of MAC30 was related to a poor prognosis in patients with colon cancer. 18 And other studies reported that overexpression of MAC30, which related to the development, invasiveness, and lymph node metastasis, might predict lymph nodal metastasis and poor prognosis in oral squamous cell carcinoma 13 and epithelial ovarian cancer. 19 Excitingly, the supportive research showing the relationship between MAC30 expression and cancer progression gave us a new perspective on MAC30 with lung cancer.
In our present study, MAC30 expression was significantly associated with tumor differentiation, TNM stages, and lymph node metastasis. Moreover, we observed the prognostic role of MAC30 overexpression in poor tumor differentiation, which could affect clinical chemotherapeutic response and survival of patients with NSCLC. Although Han et al also reported that MAC30 expression has close correlation with tumor differentiation, 15 there's no evidence of prognosis of MAC30 on tumor differentiation. In our opinion, the reason for the contrary outcomes might lie in the different number of patients enrolled and the different selected points. In our study, the median score of MAC30 expression in immunohistochemistry as the selected point was reached to divide the low and high MAC30 expression groups, which could maximally reduce the deviation. Notwithstanding, the current result in our study is consistent with the earlier work 15 that patients with NSCLC having higher MAC30 expression were inclined to have a shorter OS. More importantly, in order to identify the implication of MAC30 on the development of NSCLC, we confirmed the correlation between MAC30 expression and DFS. As a result, our data showed that patients with NSCLC having high MAC30 expression also exhibited the significantly shorter DFS than that in cases with low MAC30 expression. From these current data, we conclude that high MAC30 expression, which could act as a valuable prognostic biomarker for poor tumor differentiation, short OS, and DFS, may ferment the awful prognosis of patients with NSCLC via mediating biological behavior of tumor cells.
To our knowledge, both fundamental and clinical studies have revealed that many molecules contribute to the various biological behaviors of malignant tumors including NSCLC. Based on the survival efficacy at 5 years of adjuvant chemotherapy in patients with NSCLC, 20 it's widely accepted that the current clinical issue in which adjuvant chemotherapy became a standard manner in NSCLC therapy had been described. 21 To maximize the efficacy and minimize the side effects of adjuvant chemotherapy, new strategies based on a better understanding of molecular function in NSCLC is urgently needed. Recent research reported that MAC30 overexpression was certified to be associated with lymph node metastasis, which affected the treatment of chemotherapy in epithelial ovarian cancer. 19 Indeed, our present study demonstrated the impact of MAC30 expression on postoperative chemotherapy in patients with NSCLC. In our study, MAC30 was significantly correlated with tumor differentiation, TNM stages, and lymph node metastasis but not associated with age, smoking status, tumor classification, and gender. Moreover, elevated MAC30 was shown as an independent prognostic factor of poor tumor differentiation, which influenced the response of chemotherapy in patients with NSCLC. Consistent with that found in all patients with NSCLC, the closed association further indicates the important stage of MAC30 in patients with NSCLC. As a general evaluation of therapeutic effect, OS and DFS in chemotherapeutic patients with increased MAC30 expression were curtailed, consistent with that in all patients with NSCLC. And the exploration of DFS analysis meticulously demonstrated the relationship between MAC30 expression and chemotherapeutic response. It's more emphasized that the patients with stronger MAC30 expression, which indicated shorter OS and DFS, always showed the resistance to adjuvant chemotherapy followed by worse efficacy. Above all, as an independent prognostic biomarker of poor tumor differentiation, shorter OS, and DFS, overexpression of MAC30 is an unfavorable direction in patients with NSCLC receiving adjuvant chemotherapy.
By now, the biological mechanism of MAC30 in human malignancies is still unclear. With the evidence of conflicting expression, [12] [13] [14] MAC30 might exhibit a distinct role in different organ tumors. Based on the inhibition of proliferation and mobility of human gastric cancer cells via suppressing AKT activation, MAC30 downregulation was a potential therapeutic approach for gastric carcinoma. 22 A recent study suggested that as an important regulator in the progression of NSCLC, 23 p53 mediates MAC30 expression levels. 24 Also, MAC30 was regulated by BRCA1, 25 another prognostic biomarker of NSCLC. 26 
Conclusion
In conclusion, we demonstrated that the overexpression of MAC30 was closely associated with poor tumor differentiation, high TNM stage, lymph node metastasis, and unfavorable prognosis in patients with NSCLC, especially in patients receiving chemotherapy. And MAC30 was an independent predictor for tumor differentiation, OS, and DFS in patients with NSCLC. More importantly, elevated MAC30 expression exhibited the worse response of adjuvant chemotherapy in patients with NSCLC. Our present study suggested the close relationship of MAC30 and prognosis of patients with NSCLC receiving chemotherapy. Further studies will be required to investigate the molecular function of MAC30 in patients with NSCLC.
